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©  Gear  synchronizer  mechanism  in  power  transmission. 
  A  gear  synchronizer  mechanism  includes  a  gear  mem- 
ber  (22)  rotatable  on  a  shaft  (21),  a  hub  member  (11) 
arranged  adjacent  the  gear  member  and  fixed  to  the  shaft, 
and  a  clutch  sleeve  (12)  encircling  an  outer  cylindrical  portion 
of  the  hub  member.  The  clutch  sleeve  (12)  is  formed  at  its 
inner  periphery  with  a  plurality  of  circumferentially  spaced 
radial  projections  (12b)  axially  movable  in  the  corresponding 
axial  grooves  (11b)  formed  in  the  cylindrical  portion  of  the 
hub  member.  A  radially  contractible  C-letter  shaped  spring 
(14)  is  supported  in  place  by  engagement  with  circumferen- 
tially  spaced  inner  walls  (11c1,  11c2)  of  the  cylindrical  portion 
of  the  hub  member.  The  spring  has  an  intermediate  ring 
portion  (14a)  integrally  formed  with  a  plurality  of  circum- 
ferentially  spaced  axial  legs  (14b1,  14b2)  extending  therefrom 
towards  the  respective  radial  projections  of  the  clutch  sleeve, 
the  axial  legs  each  having  a  radial  projection  to  be  engaged 
with  each  of  the  radial  projections  of  the  clutch  sleeve.  The 
spring  has  a  pair  of  end  portions  resiliently  engaged  with  one 
of  the  inner  walls  of  the  cylindrical  portion  of  the  hub 
member  to  retain  the  axial  legs  (14b,,  14b2)  in  place  within 
the  respective  axial  grooves  (11 b). 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  g e a r  

s y n c h r o n i z e r   m e c h a n i s m   a d a p t e d   f o r   u s e   in  p o w e r  

t r a n s m i s s i o n s ,   and   more   p a r t i c u l a r l y   t o  a   g e a r  

s y n c h r o n i z e r   m e c h a n i s m   of  t h e   t y p e   w h i c h   c o m p r i s e s   a  g e a r  

member   r o t a t a b l y   m o u n t e d   on  a  t r a n s m i s s i o n   s h a f t ,   a  h u b  

member   a r r a n g e d   a d j a c e n t   t h e   g e a r   member   and  f i x e d   to   t h e  

t r a n s m i s s i o n   s h a f t   f o r   r o t a t i o n   t h e r e w i t h ,   a  s p l i n e   p i e c e  

m o u n t e d   on  a  hub   p o r t i o n   of  t h e   g e a r   member   f o r   r o t a t i o n  

t h e r e w i t h   and   b e i n g   f o r m e d   a t   one  s i d e   t h e r e o f   w i t h   a  

c o n i c a l   p o r t i o n   and   t h e r e o n   w i t h   e x t e r n a l   s p l i n e   t e e t h ,   a  

s y n c h r o n i z e r   r i n g   a x i a l l y   m o v a b l y   m o u n t e d   on  t h e   c o n i c a l  

p o r t i o n   of  t h e   s p l i n e   p i e c e   f o r   f r i c t i o n a l   e n g a g e m e n t  

t h e r e w i t h ,   a  c l u t c h   s l e e v e   e n c i r c l i n g   t h e   hub  member   a n d  

h a v i n g   i n t e r n a l   s p l i n e   t e e t h   in  c o n t i n u a l   e n g a g e m e n t   w i t h  

e x t e r n a l   s p l i n e   t e e t h   of  t h e   hub  m e m b e r ,   t h e   c l u t c h  

s l e e v e   b e i n g   a x i a l l y   s h i f t a b l e   to   be  e n g a g e d   a t   t h e  

i n t e r n a l   s p l i n e   t e e t h   t h e r e o f   w i t h   t h e   e x t e r n a l   s p l i n e  



t e e t h   of  t h e   s p l i n e   p i e c e ,   and  a  t h r u s t   m e c h a n i s m   f o r  

t h r u s t i n g   t h e   s y n c h r o n i z e r   r i n g   t o w a r d   t h e   s p l i n e   p i e c e  

in  s h i f t i n g   o p e r a t i o n   of   t h e   c l u t c h   s l e e v e   t o w a r d   t h e  

g e a r   m e m b e r   to   e f f e c t   t h e   f r i c t i o n a l   e n g a g e m e n t   b e t w e e n  

t h e   s y n c h r o n i z e r   r i n g   and   t h e   s p l i n e   p i e c e .  

Such   a  c o n v e n t i o n a l   g e a r   s y n c h r o n i z e r   m e c h a n i s m  

as  d e s c r i b e d   a b o v e   i s   w e l l   known   as   a  B o r g - W a r n e r   t y p e  

s y n c h r o n i z e r   m e c h a n i s m ,   in   w h i c h   t h e   t h r u s t   m e c h a n i s m  

c o m p r i s e s   a  p l u r a l i t y   of   c i r c u m f e r e n t i a l l y   s p a c e d   s t r u t  

k e y s   e a c h   h a v i n g   a  r a i s e d   p o r t i o n   in   e n g a g e m e n t   w i t h   t h e  

c o r r e s p o n d i n g   r e c e s s   in   t h e   i n n e r   p e r i p h e r a l   w a l l   of  t h e  

c l u t c h   s l e e v e ,   and   an  a n n u l a r   r e t a i n e r   s p r i n g   a r r a n g e d   t o  

b i a s   t h e   s t r u t   k e y s   r a d i a l l y   o u t w a r d l y   f o r   e n g a g e m e n t  

w i t h   t h e   c l u t c h   s l e e v e .   To  r e d u c e   t h e   c o m p o n e n t   p a r t s   o f  

t h e   t h r u s t   m e c h a n i s m ,   an  i m p r o v e d   t h r u s t   m e c h a n i s m   h a s  

b e e n   p r o p o s e d   in   J a p a n e s e   E a r l y   P a t e n t   P u b l i c a t i o n s   N o s .  

5 5 - 1 0 0 4 2 8 ,   5 8 - 1 3 7 6 2 7 ,   5 8 - 1 6 3 8 2 9 ,   and   5 8 - 1 7 4 7 2 4 ,   w h e r e i n  

t h e   s t r u t   k e y s   and   r e t a i n e r   s p r i n g   a r e   r e p l a c e d   w i t h   a  

s i n g l e   t h r u s t   e l e m e n t .   I t   i s ,   h o w e v e r ,   d i f f i c u l t   t o  

e n h a n c e   p r o d u c t i v i t y   of  t h e   g e a r   s y n c h r o n i z e r   m e c h a n i s m  

a t   a  low  c o s t   b e c a u s e   t h e   s i n g l e   t h r u s t   e l e m e n t   i s  

c o m p l i c a t e d   in   i t s   c o n f i g u r a t i o n   and   c o n s t r u c t i o n .  

To  o v e r c o m e   t h e   s h o r t c o m i n g s   of  s u c h   a  

c o n v e n t i o n a l   t h r u s t   m e c h a n i s m   as  d e s c r i b e d   a b o v e ,   a n  

i m p r o v e d   g e a r   s y n c h r o n i z e r   m e c h a n i s m   h a s   b e e n   p r o p o s e d   b y  



t h e   i n v e n t o r s   in  c o p e n d i n g   E u r o p e a n   P a t e n t   a p p l i c a t i o n  

No.  8 4 1 1 4 7 2 6 . 7 ,   f i l e d   on  D e c e m b e r   4,  1 9 8 4 ,   w h e r e i n   t h e  

c l u t c h   s l e e v e   i s   f o r m e d   a t   i t s   i n n e r   p e r i p h e r y   w i t h  

c i r c u m f e r e n t i a l l y   e q u i - s p a c e d   t h r e e   i n t e r n a l   r a d i a l  

p r o j e c t i o n s   w h i c h   a r e   d i s p o s e d   w i t h i n   c i r c u m f e r e n t i a l l y  

e q u i - s p a c e d   t h r e e   a x i a l   g r o o v e s   f o r m e d   in  an  o u t e r  

c y l i n d r i c a l   p o r t i o n   of  t h e   hub  m e m b e r ,   and   w h e r e i n   t h e  

t h r u s t   m e c h a n i s m   c o m p r i s e s   a  r a d i a l l y   c o n t r a c t i b l e  

C - l e t t e r   s h a p e d   s p r i n g   s u p p o r t e d   in   p l a c e   by  e n g a g e m e n t  

w i t h   c i r c u m f e r e n t i a l l y   s p a c e d   i n n e r   w a l l s   of  t h e   o u t e r  

c y l i n d r i c a l   p o r t i o n   of  t h e   hub  m e m b e r ,   t h e   C - l e t t e r  

s h a p e d   s p r i n g   b e i n g   f o r m e d   a t   o p p o s i t e   e n d s   t h e r e o f   w i t h  

a  p a i r   of   c i r c u m f e r e n t i a l l y   s p a c e d   a x i a l   l e g s   and   a t   a n  

i n t e r m e d i a t e   p o r t i o n   t h e r e o f   w i t h   an  a x i a l   l e g ,   t h e   a x i a l  

l e g s   e a c h   e x t e n d i n g   f r o m   t h e   s p r i n g   t o w a r d   t h e   r e s p e c t i v e  

i n t e r n a l   r a d i a l   p r o j e c t i o n s  o f   t h e   c l u t c h   s l e e v e   a n d  

h a v i n g   a  r a d i a l   p r o j e c t i o n   a r r a n g e d   to   be  b r o u g h t   i n t o  

e n g a g e m e n t   w i t h   e a c h   of  t h e   i n t e r n a l   r a d i a l   p r o j e c t i o n s  

of  t h e   c l u t c h   s l e e v e   and  a r r a n g e d   to   a b u t   a g a i n s t   t h e  

s y h c h r o n i z e r   r i n g  a n d   t h r u s t   t h e   same  t o w a r d   t h e   s p l i n e  

p i e c e .  

In  t h e   a b o v e - d e s c r i b e d   s y n c h r o n i z e r   m e c h a n i s m ,  

h o w e v e r ,   t h e   p a i r   of  c i r c u m f e r e n t i a l l y   s p a c e d   a x i a l   l e g s  

of  t h e   C - l e t t e r   s h a p e d   s p r i n g   e a c h   a r e   l o c a t e d   w i t h i n   t h e  

c o r r e s p o n d i n g   a x i a l   g r o o v e   f o r m e d   in   t h e   o u t e r  



c y l i n d r i c a l   p o r t i o n   of  t h e   hub  m e m b e r .   In  t h i s  

a r r a n g e m e n t ,   t h e   o p p o s i t e   e n d s   of   t h e   C - l e t t e r   s h a p e d  

s p r i n g   a r e   f r e e   to   move  r a d i a l l y   i n w a r d l y   in   t h e  

r e s p e c t i v e   a x i a l   g r o o v e s   and   t e n d   to   be  r e m a i n e d   in  t h e i r  

d i s p l a c e d   p o s i t i o n s .   I f   t h e   a x i a l   l e g s   of   t h e   s p r i n g   m a y  

n o t   be  r e t a i n e d   in   t h e i r   c o r r e c t   p o s i t i o n s   f o r   e n g a g e m e n t  

w i t h   t h e   i n t e r n a l   r a d i a l   p r o j e c t i o n s   o f   t h e   c l u t c h  

s l e e v e ,   i n s u f f i c i e n t   b a l k   a c t i o n   of   t h e   s y n c h r o n i z e r   r i n g  

w i l l   c a u s e   u n d e s i r e d   g e a r   n o i s e s   in   s h i f t i n g   o p e r a t i o n   o f  

t h e   c l u t c h   s l e e v e   t o w a r d   t h e   g e a r   m e m b e r .  

I t   i s ,   t h e r e f o r e ,   a  p r i m a r y   o b j e c t   of   t h e  

p r e s e n t   i n v e n t i o n   to   p r o v i d e   an  i m p r o v e d   g e a r  

s y n c h r o n i z e r   m e c h a n i s m   c a p a b l e   of   r e t a i n i n g   t h e   a x i a l  

l e g s   of  t h e   C - l e t t e r   s h a p e d   s p r i n g   in   t h e i r   c o r r e c t  

p o s i t i o n s   f o r   e n g a g e m e n t   w i t h   t h e   i n t e r n a l   r a d i a l  

p r o j e c t i o n s   o f   t h e   c l u t c h   s l e e v e .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   b r i e f l y  

s u m m a r i z e d ,   t h e r e   i s   p r o v i d e d   a  g e a r   s y n c h r o n i z e r  

m e c h a n i s m   w h e r e i n   t h e   c l u t c h   s l e e v e   i s   f o r m e d   a t   i t s  

i n n e r   p e r i p h e r y   w i t h   a  p l u r a l i t y   of   c i r c u m f e r e n t i a l l y  

s p a c e d   i n t e r n a l   r a d i a l   p r o j e c t i o n s   a x i a l l y   m o v a b l e   in  t h e  

c o r r e s p o n d i n g   a x i a l   g r o o v e s   f o r m e d   in   t h e   o u t e r  

c y l i n d r i c a l   p o r t i o n   of   t h e   hub  m e m b e r ,   and   w h e r e i n   t h e  

t h r u s t   m e c h a n i s m   c o m p r i s e s   a  r a d i a l l y   c o n t r a c t i b l e  

a n n u l a r   r e s i l i e n t   member   s u p p o r t e d   in   p l a c e   by  e n g a g e m e n t  



w i t h   c i r c u m f e r e n t i a l l y   s p a c e d   i n n e r   w a l l s   of  t h e  

c y l i n d r i c a l   p o r t i o n   of  t h e   hub  m e m b e r ,   t h e   a n n u l a r  

r e s i l i e n t   member   h a v i n g   an  i n t e r m e d i a t e   r i n g   p o r t i o n  

i n t e g r a l l y   f o r m e d   w i t h   a  p l u r a l i t y   of  c i r c u m f e r e n t i a l l y  

s p a c e d   a x i a l   l e g s   e x t e n d i n g   t h e r e f r o m   t o w a r d   t h e  

r e s p e c t i v e   i n t e r n a l   r a d i a l   p r o j e c t i o n s   of  t h e   c l u t c h  

s l e e v e ,   t h e   a x i a l   l e g s   e a c h   b e i n g   a r r a n g e d   w i t h i n   t h e  

r e s p e c t i v e   a x i a l   g r o o v e s   in   t h e   c y l i n d r i c a l   p o r t i o n   o f  

t h e   hub  member   and  h a v i n g   a  r a d i a l   p r o j e c t i o n   a r r a n g e d   t o  

be  b r o u g h t   i n t o   e n g a g e m e n t   w i t h   e a c h   of  t h e   i n t e r n a l  

r a d i a l   p r o j e c t i o n s   of  t h e   c l u t c h   s l e e v e   in  s h i f t i n g  

o p e r a t i o n   of  t h e   c l u t c h   s l e e v e   t o w a r d   t h e   g e a r   member   a n d  

a r r a n g e d   to   a b u t   a g a i n s t   t h e   s y n c h r o n i z e r   r i n g   and  t h r u s t  

t h e   same  t o w a r d   t h e   s p l i n e   p i e c e .   In  s u c h   an  a r r a n g e m e n t  

of  t h e   g e a r   s y n c h r o n i z e r   m e c h a n i s m ,   t h e   a n n u l a r   r e s i l i e n t  

member   h a s   a  p a i r   of   end   p o r t i o n s   r e s i l i e n t l y   e n g a g e d  

w i t h   one  of  t h e   c i r c u m f e r e n t i a l l y   s p a c e d   i n n e r   w a l l s   o f  

t he   c y l i n d r i c a l   p o r t i o n   of  t h e   h u b  m e m b e r   to   r e t a i n   t h e  

a x i a l   l e g s   in  p l a c e   w i t h i n   t h e   r e s p e c t i v e   a x i a l   g r o o v e s  

in  t h e   c y l i n d r i c a l   p o r t i o n   of  t h e   hub  m e m b e r .  

Fo r   a  b e t t e r   u n d e r s t a n d i n g   of  t h e   p r e s e n t  

i n v e n t i o n ,   and  to   show  how  t h e   same  may  be  c a r r i e d   i n t o  

e f f e c t ,   r e f e r e n c e   w i l l   now  be  m a d e ,   by  way  of  e x a m p l e ,   t o  

t h e   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g .   1  i l l u s t r a t e s   in   c r o s s - s e c t i o n a l   f o r m   o n e  

of  c i r c u m f e r e n t i a l l y   e q u i - s p a c e d   p a r t s   of  a  g e a r  



s y n c h r o n i z e r   m e c h a n i s m   in   a c c o r d a n c e   w i t h   t h e   p r e s e n t  

i n v e n t i o n ;  

F i g .   2  i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n   a l o n g  

l i n e   I I  -   I I   in   F i g .   1 ;  

F i g .   3  i s   an  e n l a r g e d   c r o s s - s e c t i o n a l   v i e w   t a k e n  

a l o n g   l i n e   I I I  -   I I I   in   F i g .   2 ;  

F i g .   4  i s   an  e n l a r g e d  c r o s s - s e c t i o n a l   v i e w   t a k e n  

a l o n g   l i n e   I V  -   IV  in   F i g .   2 ;  

F i g .   5  i s   an  e n l a r g e d   c r o s s - s e c t i o n a l   v i e w   t a k e n  

a l o n g   l i n e   V  -   V  in   F i g .   2 ;  

F i g .   6  i s   an  e n l a r g e d   p a r t i a l   v i e w   t a k e n   a l o n g  

l i n e   V I  -   VI  i n   F i g .   2,  s h o w i n g   t h e   r e l a t i v e   p o s i t i o n s   o f  

a  c l u t c h   s l e e v e ,   a  s y n c h r o n i z e r   r i n g   and  a  s p l i n e   p i e c e  

i l l u s t r a t e d   in   F i g s .   1  t o   5;  a n d  

F i g .   7  i s   a  f r o n t   v i e w   of   a  C - l e t t e r   s h a p e d  

s p r i n g   s h o w n   in   F i g .   2 .  

R e f e r r i n g   now  t o   t h e   d r a w i n g s ,   w h e r e   l i k e  

r e f e r e n c e   n u m e r a l s   r e p r e s e n t   t h e   same  or   c o r r e s p o n d i n g  

p a r t s   t h r o u g h o u t   t h e   f i g u r e s ,   t h e r e   i s   i l l u s t r a t e d   i n  

F i g .   1  a  t r a n s m i s s i o n   s h a f t   21 ,   on  w h i c h   a r e   r o t a t a b l y  

s u p p o r t e d   a  p a i r   of  c h a n g e - s p e e d   g e a r s   22  and   2 2 .  

D i s p o s e d   b e t w e e n   t h e   c h a n g e - s p e e d   g e a r s   22  and   22  i s   a  

p a i r   of   s y n c h r o n i z e r   a s s e m b l i e s   w h i c h   a r e   o p e r a b l e   t o  

c a u s e   s e l e c t i v e   s p e e d   s y n c h r o n i z a t i o n   b e t w e e n   t h e   s h a f t  

21  and   t h e   g e a r s   22  a n d   2 2 ,   r e s p e c t i v e l y .   As  i s  

i l l u s t r a t e d   in   F i g s .   1  a n d  2 ,   t h e   s y n c h r o n i z e r   a s s e m b l i e s -  



have   a  common  hub  a s s e m b l y   w h i c h   i n c l u d e s   a  hub  member   1 1  

f i x e d   a t   i t s   i n n e r   hub   p o r t i o n   to   t h e   t r a n s m i s s i o n   s h a f t  

21  by  m e a n s   of  a  s p l i n e   c o n n e c t i o n   f o r   r o t a t i o n  

t h e r e w i t h .   The  s y n c h r o n i z e r   a s s e m b l i e s   a r e   a r r a n g e d   t o  

be  o p e r a t e d   t h r o u g h   a  c l u t c h   s l e e v e   12  w h i c h   i s   c o n n e c t e d  

by  a  y o k e   g r o o v e   to   a  c o n v e n t i o n a l   m a n u a l l y   o p e r a t e d  

s h i f t   m e c h a n i s m   ( n o t   s h o w n ) .   As  shown  in  F i g s .   2  and  5 ,  

t h e   hub  m e m b e r   11  i s   i n t e g r a l l y   f o r m e d   w i t h   an  o u t e r  

c y l i n d r i c a l   hub  p o r t i o n   w h i c h   i s   f o r m e d   t h e r e o n   w i t h  

e x t e r n a l   s p l i n e   t e e t h   l l a .   The  c l u t c h   s l e e v e   12  i s  

a r r a n g e d   in   s u r r o u n d i n g   r e l a t i o n s h i p   w i t h   t h e  o u t e r  

c y l i n d r i c a l   hub  p o r t i o n   of   hub  member   11  and   has   i n t e r n a l  

s p l i n e   t e e t h   12a  in   c o n t i n u a l   e n g a g e m e n t   w i t h   t h e  

e x t e r n a l   s p l i n e   t e e t h   l l a   of   hub  member   11 .   The  c l u t c h  

s l e e v e   12  i s   a x i a l l y   s h i f t a b l e   to  be  e n g a g e d   a t   i t s  

i n t e r n a l   s p l i n e   t e e t h   12a   w i t h   e x t e r n a l   s p l i n e   t e e t h   2 3 b  

of  a  s p l i n e   p i e c e   2 3 .  

The  l e f t - h a n d   s y n c h r o n i z e r   a s s e m b l y   i s  

s u b s t a n t i a l l y   t h e   same  as   t h e   r i g h t - h a n d   s y n c h r o n i z e r  

a s s e m b l y   s u c h   t h a t   a  d e t a i l e d   d e s c r i p t i o n   of  t h e  

r i g h t - h a n d   s y n c h r o n i z e r   a s s e m b l y   o n l y   i s   b e l i e v e d  

n e c e s s a r y .   The  r i g h t - h a n d   s y n c h r o n i z e r   a s s e m b l y   i n c l u d e s  

a  s y n c h r o n i z e r   r i n g   13,   a  r a d i a l l y   c o n t r a c t i b l e   a n n u l a r  

r e s i l i e n t   m e m b e r   in  t h e   f o r m   of  a  C - l e t t e r   s h a p e d   s p r i n g  

14,  and  t h e   s p l i n e   p i e c e   23  w h i c h   a r e   a r r a n g e d   b e t w e e n  

t h e   hub  m e m b e r   11  a n d . t h e   g e a r   22.   The  s p l i n e   p i e c e   23  



i s   f i x e d l y   m o u n t e d   on  a  hub   p o r t i o n   of   c h a n g e - s p e e d   g e a r  

22  by  m e a n s   of  a  s p l i n e   c o n n e c t i o n   f o r   r o t a t i o n  

t h e r e w i t h .   The  s p l i n e   p i e c e   23  i s   f o r m e d   a t   i t s   l e f t   e n d  

w i t h   a  c o n i c a l   p o r t i o n   23a   and   t h e r e o n   w i t h   t h e   e x t e r n a l  

s p l i n e   t e e t h   23b  w h i c h   a r e   c h a m f e r e d   a t   e a c h   end   t h e r e o f .  

The  s y n c h r o n i z e r   r i n g   13  i s   r o t a t a b l y   and   a x i a l l y  

s l i d a b l y   m o u n t e d   on  t h e   c o n i c a l   p o r t i o n   23a  of  s p l i n e  

p i e c e   23  a n d   h a s   an  i n t e r n a l   c o n i c a l   s u r f a c e   13a   f o r  

f r i c t i o n a l   e n g a g e m e n t   w i t h   t h e   s u r f a c e   of   t h e   c o n i c a l  

p o r t i o n - 2 3 a   of  s p l i n e   p i e c e   2 3 .   T h u s ,   t h e   s y n c h r o n i z e r  

r i n g   13  c o o p e r a t e s   w i t h   t h e   s p l i n e   p i e c e   23  to   p r o v i d e   a  

f r i c t i o n   c l u t c h   in   a  w e l l - k n o w n   m a n n e r .  

I n   t h i s   e m b o d i m e n t ,   t h e   o u t e r   c y l i n d r i c a l   h u b  

p o r t i o n   o f   hub  m e m b e r   11  i s   a x i a l l y   r e c e s s e d   in  i t s  

c i r c u m f e r e n t i a l l y   e q u i - s p a c e d   t h r e e   p o r t i o n s .   As  s h o w n  

in  F i g s ,   2,  3  and   4,  t h e   a x i a l l y   r e c e s s e d   p o r t i o n s   e a c h  

a r e   f o r m e d   as   an  a x i a l   g r o o v e   l l b .   The  c l u t c h   s l e e v e   1 2  

i s   f o r m e d   a t   i t s   i n n e r   p e r i p h e r y   w i t h   c i r c u m f e r e n t i a l l y  

e q u i - s p a c e d   t h r e e   i n t e r n a l   r a d i a l   p r o j e c t i o n s   12b  o f  

l a r g e   w i d t h   w h i c h   a r e   a x i a l l y   s h i f t a b l e   in   t h e   a x i a l  

g r o o v e s   l l b   of  hub   m e m b e r   11 .   The  c l u t c h   s l e e v e   12  i s  

f u r t h e r   f o r m e d   a t   i t s   i n n e r   p e r i p h e r y   w i t h   a  p a i r   o f  

i n t e r n a l   r a d i a l   p r o j e c t i o n s   12c   of   s m a l l   w i d t h   w h i c h   a r e  

a r r a n g e d   a t   o p p o s i t e   s i d e s   of   t h e   r e s p e c t i v e   l a r g e   w i d t h  

r a d i a l   p r o j e c t i o n s   1 2 b .  



As  shown  in  F i g s .   3  and  6,  t h e   l a r g e   w i d t h  

r a d i a l   p r o j e c t i o n s   12b  e a c h   a r e   f o r m e d   a t   t h e i r   i n n e r   e n d  

c o r n e r s   w i t h   t a p e r e d   s u r f a c e s   12d  and  a t   t h e i r   s i d e  

c o r n e r s   w i t h   c h a m f e r s   1 2 e .   The  l a r g e   w i d t h   r a d i a l  

p r o j e c t i o n s   12b  a r e   r e s p e c t i v e l y   a r r a n g e d   b e t w e e n   a  p a i r  

of  c i r c u m f e r e n t i a l l y   e q u i - s p a c e d   r a i s e d   p o r t i o n s   1 3 b  

w h i c h   a r e   i n t e g r a l l y   f o r m e d   on  t h e   s y n c h r o n i z e r   r i n g   1 3 .  

The  r a i s e d   p o r t i o n s   13b  of  s y n c h r o n i z e r   r i n g   13  e a c h   a r e  

f o r m e d   a t   t h e i r   i n n e r   e n d s   w i t h   a  p a i r   of  c h a m f e r s   1 3 c  

w h i c h   a r e   e n g a g e a b l e   w i t h   t h e   c h a m f e r s   12e  of  l a r g e   w i d t h  

r a d i a l   p r o j e c t i o n s   1 2 b ,   r e s p e c t i v e l y .   As  shown  in  F i g s .  

4  and  6,  t h e   s m a l l   w i d t h   r a d i a l   p r o j e c t i o n s   12c  e a c h   a r e  

f o r m e d   a t   t h e i r   o p p o s i t e   e n d s   w i t h   c h a m f e r s   12f   and  a r e  

a r r a n g e d   b e t w e e n   t h e   r a i s e d   p o r t i o n   13b  and   a n o t h e r  

r a i s e d   p o r t i o n   13d  f o r m e d   on  t h e   s y n c h r o n i z e r   r i n g   13  

a d j a c e n t   t h e   r e s p e c t i v e   r a i s e d   p o r t i o n s   1 3 b .   The  r a i s e d  

p o r t i o n s   13d  of  s y n c h r o n i z e r   r i n g   1 3  e a c h   a r e   f o r m e d   a t  

t h e i r   i n n e r   e n d s   w i t h   a  c h a m f e r   13e  w h i c h   i s   e n g a g e a b l e  

w i t h   t h e   c h a m f e r   12f   of  s m a l l   w i d t h   r a d i a l   p r o j e c t i o n  

1 2 c .  

As  shown  in  F i g s .   2  and  7,  t h e   r a d i a l l y  

c o n t r a c t i b l e   C - l e t t e r   s h a p e d   s p r i n g   14  i n c l u d e s   a  

C - l e t t e r   s h a p e d   r i n g   p o r t i o n   14a  w h i c h   i s   f o r m e d   a t   i t s  

i n t e r m e d i a t e   p o r t i o n   w i t h   c i r c u m f e r e n t i a l l y   e q u i - s p a c e d  

t h r e e   a x i a l   l e g s   1 4 b i   and  1 4 b 2 .   The  r i n g   p o r t i o n   14a  o f  

s p r i n g   14  has   r a d i u s e s   r 1   a n d  r  2   of   c u r v a t u r e   l a r g e r   t h a n  



an  i n t e r n a l   d i a m e t e r   r  of   t h e   o u t e r   c y l i n d r i c a l   h u b  

p o r t i o n   of   hub   m e m b e r   11 .   In  t h i s   e m b o d i m e n t ,   t h e   r a d i u s  

r1  of   c u r v a t u r e   a t   a  c e n t r a l   p a r t   1 4 a 1   of   r i n g   p o r t i o n  

14a  i s   d e t e r m i n e d   to   be  l a r g e r   t h a n   t h e   r a d i u s   r2  o f  

c u r v a t u r e   a t   e a c h   s i d e   p a r t   1 4 a 2   of  r i n g   p o r t i o n   1 4 a .  

W i t h   s u c h   a  c o n f i g u r a t i o n ,   t h e   r i n g   p o r t i o n   14a  o f   s p r i n g  

14  i s   s u p p o r t e d   in   p l a c e   by  e n g a g e m e n t   w i t h  

c i r c u m f e r e n t i a l l y   s p a c e d   i n n e r   w a l l s   1 1 c 1  a n d   1 1 c 2  o f   t h e  

o u t e r   c y l i n d r i c a l   hub   p o r t i o n   of  hub   m e m b e r   11  in   t h e  

p r e s e n c e   of   a  r a d i a l   f o r c e   i m p o s e d   t h e r e t o .   The  a x i a l  

l e g   1 4 b 1   i s   p o s i t i o n e d   s u b s t a n t i a l l y   a t   t h e   c e n t e r   o f  

c e n t r a l   r i n g   p a r t   1 4 a 1 ,   and   t h e   a x i a l   l e g s   14b2   e a c h   a r e  

p o s i t i o n e d   s u b s t a n t i a l l y   a t   t h e   c e n t e r   of  s i d e   r i n g   p a r t  

1 4 a 2 .   The  a x i a l   l e g s   1 4 b l   and   14b2   o f   s p r i n g   14  e a c h  

e x t e n d   f r o m   t h e   r i n g   p o r t i o n   14a  t o w a r d   t h e   i n t e r n a l  

r a d i a l   p r o j e c t i o n   12b  of  c l u t c h   s l e e v e   12  t h r o u g h   a n  

a x i a l   g r o o v e   b e t w e e n   t h e   r a i s e d   p o r t i o n s   13b  a n d  1 3 b   o f  

s y n c h r o n i z e r   r i n g   13 .   The  a x i a l   l e g s   1 4 b 1   and  14b2   o f  

s p r i n g   14  e a c h   a r e   f o r m e d   w i t h   a  r a d i a l   p r o j e c t i o n   w h i c h  

i s   a r r a n g e d   b e t w e e n   t h e   i n n e r   end   s u r f a c e   of  s y n c h r o n i z e r  

r i n g   13  and   t h e   t a p e r e d   s u r f a c e   12d  of   t h e   i n t e r n a l  

r a d i a l   p r o j e c t i o n   12b  of  c l u t c h   s l e e v e   1 2 .  

In  s h i f t i n g   o p e r a t i o n   o f  t h e   c l u t c h   s l e e v e   1 2  

t o w a r d   t h e   s p l i n e   p i e c e   23 ,   t h e   a x i a l   l e g s   14b1   and   1 4 b 2  

of  s p r i n g   14  a r e   s l i g h t l y   m o v e d   in   an  a x i a l   d i r e c t i o n   b y  

e n g a g e m e n t   w i t h   t h e   t a p e r e d   s u r f a c e s   12d  of  l a r g e   w i d t h  



r a d i a l   p r o j e c t i o n s   12b  a t   t h e i r   i n n e r   s h o u l d e r s   s u c h   t h a t  

e a c h   r a d i a l   p r o j e c t i o n   of  a x i a l   l e g s   14b  a b u t s   a g a i n s t  

t he   s y n c h r o n i z e r   r i n g   13  and  t h r u s t s   t h e   same  t o w a r d   t h e  

s p l i n e   p i e c e   23  w h i c h   w i l l   e f f e c t   f r i c t i o n a l   e n g a g e m e n t  

of  t h e   i n t e r n a l   c o n i c a l   s u r f a c e   13a  of  s y n c h r o n i z e r   r i n g  

13  and  t h e   s u r f a c e   of  t h e   c o n i c a l   p o r t i o n   23a  of  s p l i n e  

p i e c e   23 .   S i m u l t a n e o u s l y ,   t h e   a x i a l   m o v e m e n t   of  c l u t c h  

s l e e v e   12  w i l l   be  r e s i s t e d   by  b a l k   a c t i o n   or   e n g a g e m e n t  

b e t w e e n   t h e   c h a m f e r s   1 2 e ,   12f   of   l a r g e   and   s m a l l   w i d t h  

r a d i a l   p r o j e c t i o n s   12b  and  12c  and  t h e   c h a m f e r s   1 3 c ,   1 3 e  

of  r a i s e d   p o r t i o n s   13b  and  1 3 d .   When  t h e   t h r u s t   p r e s s u r e  

a c t i n g   on  s p r i n g   14  e x c e e d s   a  p r e d e t e r m i n e d   v a l u e ,  

s y n c h r o n i z a t i o n   b e t w e e n   t h e   r e l a t i v e l y   r o t a t i n g   p a r t s   i s  

e s t a b l i s h e d ,   and   t h e   l a r g e   w i d t h   r a d i a l   p r o j e c t i o n s   1 2 b  

of  c l u t c h   s l e e v e   12  r i d e   o v e r   t h e   a x i a l   l e g s   1 4 b i ,   1 4 b 2  

of  s p r i n g   14  to   c o m p r e s s   t h e m   r a d i a l l y   i n w a r d l y .   T h i s  

p e r m i t s   t h e   r a d i a l   p r o j e c t i o n s   1 2 b ,   12c  of   c l u t c h   s l e e v e  

12  to   p a s s   t h r o u g h   a x i a l   g r o o v e s   r e s p e c t i v e l y   f o r m e d  

b e t w e e n   t h e   r a i s e d   p o r t i o n s   13b  and  13d  of  s y n c h r o n i z e r  

r i n g   13.   T h u s ,   t h e   i n t e r n a l   s p l i n e s   12a  of  c l u t c h   s l e e v e  

12  w i l l   be  b r o u g h t   i n t o   e n g a g e m e n t   w i t h   t h e   e x t e r n a l  

s p l i n e   t e e t h   23b  of  s p l i n e   p i e c e   23  to   e f f e c t   s y n c h r o n o u s  

c o n n e c t i o n   b e t w e e n   t h e   t r a n s m i s s i o n   s h a f t   21  and  t h e   g e a r  

2 2 .  

As  i s   u n d e r s t o o d   f r o m   t h e   a b o v e   d e s c r i p t i o n ,   t h e  

g e a r   s y n c h r o n i z e r   m e c h a n i s m   i s   c h a r a c t e r i z e d   in   t h a t  



t h e   l a r g e   w i d t h   r a d i a l   p r o j e c t i o n s   12b  of  c l u t c h   s l e e v e  

12  a r e   a r r a n g e d   to   t h r u s t   t h e   C - l e t t e r   s h a p e d   s p r i n g   1 4  

f o r   e f f e c t i n g   f r i c t i o n a l   e n g a g e m e n t   of  t h e   s y n c h r o n i z e r  

r i n g   13  w i t h   t h e   s p l i n e   p i e c e   23 .   T h i s   i s   u s e f u l   t o  

s i m p l i f y   t h e   g e a r   s y n c h r o n i z e r   m e c h a n i s m   in   c o n s t r u c t i o n  

so  as  t o   e n h a n c e   p r o d u c t i v i t y   of   t h e   same  a t   a  low  c o s t .  

The  g e a r   s y n c h r o n i z e r   m e c h a n i s m   i s   f u r t h e r   c h a r a c t e r i z e d  

in   t h a t   t h e   s m a l l   w i d t h   r a d i a l   p r o j e c t i o n s   12c   of  c l u t c h  

s l e e v e   12  a r e   a r r a n g e d   t o   be  e n g a g e d   a t   t h e i r   c h a m f e r e d  

e n d s   1 2 f   w i t h   t h e   c h a m f e r s   1 3 c ,   13e   of  r a i s e d   p o r t i o n s  

13b  and   13d  o f   s y n c h r o n i z e r   r i n g   13.   In  t h i s  

a r r a n g e m e n t ,   i t   i s   a d v a n t a g e o u s   t h a t   e v e n   i f   t h e   n u m b e r  

of   t h e   l a r g e   w i d t h   r a d i a l   p r o j e c t i o n s   12b  i s   r e d u c e d   t o  

f o r m   a  s u f f i c i e n t   n u m b e r   of  i n t e r n a l   s p l i n e   t e e t h   12a  o n  

t h e   c l u t c h   s l e e v e   12  f o r   r e l i a b l e   t o r q u e   t r a n s m i s s i o n ,  

t h e   s m a l l   w i d t h   r a d i a l   p r o j e c t i o n s   12c   w i l l   be  u s e f u l   t o  

i n c r e a s e   t h e   n u m b e r   of  i n t e r m e s h e d   p o r t i o n s   b e t w e e n   t h e  

c l u t c h   s l e e v e   12  and   t h e   s y n c h r o n i z e r   r i n g   1 3 .  

In   t h e   g e a r   s y n c h r o n i z e r   m e c h a n i s m ,   i t   i s  

f u r t h e r   n o t e d   t h a t   as  s h o w n   in  F i g .   2,  t h e   r i n g   p o r t i o n  

14a  of   s p r i n g   14  i s   s u p p o r t e d   in   p l a c e   by  e n g a g e m e n t   w i t h  

t h e   c i r c u m f e r e n t i a l l y   s p a c e d   i n n e r   w a l l s   1 1 c 1   of   h u b  

m e m b e r   11  a t   i t s   c e n t r a l   p a r t   1 4 a l   and  e n g a g e m e n t   w i t h  

t h e   i n n e r   w a l l   l l c 2  o f   hub   m e m b e r   11  a t   i t s   s i d e   p a r t s  

1 4 a 2 .   T h i s   i s   u s e f u l   to   r e t a i n   t h e   r e s p e c t i v e   a x i a l   l e g s  

1 4 b 1   and   14b2   of   s p r i n g   14  i n   t h e i r   c o r r e c t   p o s i t i o n s   f o r  



e n g a g e m e n t   w i t h   t h e   l a r g e   w i d t h   r a d i a l   p r o j e c t i o n s   12b  o f  

c l u t c h   s l e e v e   12.   With   s u c h   an  a r r a n g e m e n t   of   t h e  

C - l e t t e r   s h a p e d   s p r i n g   14,   t h e   r e s p e c t i v e   l a r g e   w i d t h  

r a d i a l   p r o j e c t i o n s   12b  of  c l u t c h   s l e e v e   12  a r e  

s i m u l t a n e o u s l y   e n g a g e d   a t   t h e i r   t a p e r e d   s u r f a c e s   12d  w i t h  

t h e   r e s p e c t i v e   a x i a l   l e g s   1 4 b 1 ,   14b2  of  s p r i n g   14  i n  

s h i f t i n g   o p e r a t i o n   t h e r e b y   t o   t h r u s t   t h e   s y n c h r o n i z e r  

r i n g   13  t o w a r d   t he   s p l i n e   p i e c e   23  f o r   e f f e c t i n g  

f r i c t i o n a l   e n g a g e m e n t   of  t h e   i n t e r n a l   c o n i c a l   s u r f a c e   1 3 a  

of  s y n c h r o n i z e r   r i n g   13  and  t h e   c o n i c a l   p o r t i o n   23a  o f  

s p l i n e   p i e c e   23.   T h u s ,   t h e   o c c u r r e n c e   of  g e a r   n o i s e s  

c a u s e d   by  i n s u f f i c i e n t   b a l k   a c t i o n   of  t h e   s y n c h r o n i z e r  

r i n g   13  can   be  a v o i d e d   in   a  r e l i a b l e   m a n n e r .   F u r t h e r m o r e ,  

t h e   C - l e t t e r   s h a p e d   s p r i n g   14  i s   f o r m e d   in  s u c h   a  m a n n e r  

t h a t   e a c h   r a d i u s   r2  of  c u r v a t u r e   a t   t h e   s i d e   p a r t s   1 4 a 2  

i s   s m a l l e r   t h a n   t h e   r a d i u s   r l   of  c u r v a t u r e   a t   t h e   c e n t r a l  

p a r t   1 4 a 1 .   T h i s   i s   u s e f u l   to   e n g a g e   t h e   w h o l e   r i n g  

p o r t i o n   14a  of  s p r i n g   14  w i t h   t h e   c i r c u m f e r e n t i a l l y  

s p a c e d   i n n e r   w a l l s   l l c 1   and   l l c 2   of  hub  m e m b e r   11  so  a s  

to  r e t a i n   t h e   a x i a l   l e g s   1 4 b 1 ,   14b2  of  s p r i n g   14  in   t h e i r  

c o r r e c t   p o s i t i o n s   in  a  more   r e l i a b l e   m a n n e r .  



1.  A  g e a r   s y n c h r o n i z e r   m e c h a n i s m   c o m p r i s i n g   a  g e a r  

member   r o t a t a b l e   on  a  t r a n s m i s s i o n   s h a f t ,   a  s p l i n e   p i e c e  

m o u n t e d   on  a  hub   p o r t i o n   o f   s a i d   g e a r   m e m b e r   f o r   r o t a t i o n  

t h e r e w i t h   and   b e i n g   f o r m e d   a t   one   s i d e   t h e r e o f   w i t h   a  

c o n i c a l   p o r t i o n   and  t h e r e o n   w i t h   e x t e r n a l   s p l i n e   t e e t h ,   a  

s y n c h r o n i z e r   r i n g   a x i a l l y   m o v a b l e   on  t h e   c o n i c a l   p o r t i o n  

of   s a i d   s p l i n e   p i e c e   f o r   f r i c t i o n a l   e n g a g e m e n t   t h e r e w i t h ,  

a  hub  m e m b e r  a r r a n g e d   a d j a c e n t   s a i d   g e a r   member   and  f i x e d  

to   s a i d   s h a f t   f o r   r o t a t i o n   t h e r e w i t h ,   s a i d   hub  m e m b e r  

h a v i n g   a  c y l i n d r i c a l   p o r t i o n   e n c i r c l i n g   s a i d   s y n c h r o n i z e r  

r i n g   and   b e i n g   f o r m e d   t h e r e o n   w i t h   e x t e r n a l   s p l i n e   t e e t h ,  

a  c l u t c h   s l e e v e   e n c i r c l i n g   t h e   c y l i n d r i c a l   p o r t i o n   o f  

s a i d   hub   m e m b e r   and   h a v i n g   i n t e r n a l   s p l i n e   t e e t h   i n  

c o n t i n u a l   e n g a g e m e n t   w i t h   t h e   e x t e r n a l   s p l i n e   t e e t h   o f  

s a i d   hub   m e m b e r ,   s a i d   c l u t c h   s l e e v e   b e i n g   a x i a l l y  

s h i f t a b l e   t o   be  e n g a g e d   a t   t h e   i n t e r n a l   s p l i n e   t e e t h  

t h e r e o f   w i t h   t h e   e x t e r n a l   s p l i n e   t e e t h   o f   s a i d   s p l i n e  

p i e c e ,   and   t h r u s t   m e a n s   f o r   t h r u s t i n g   s a i d   s y n c h r o n i z e r  

r i n g   t o w a r d   s a i d   s p l i n e   p i e c e   in   s h i f t i n g   o p e r a t i o n   o f  

s a i d   c l u t c h   s l e e v e   t o w a r d   s a i d   g e a r   member   to   e f f e c t   t h e  

f r i c t i o n a l   e n g a g e m e n t   of   s a i d   s y n c h r o n i z e r   r i n g   w i t h   t h e  

c o n i c a l   p o r t i o n   of  s a i d   s p l i n e   p i e c e ,  

w h e r e i n   s a i d   c l u t c h   s l e e v e   i s   f o r m e d   a t   i t s  

i n n e r   p e r i p h e r y   w i t h   a  p l u r a l i t y   of  c i r c u m f e r e n t i a l l y  

s p a c e d   i n t e r n a l   r a d i a l   p r o j e c t i o n s  a x i a l l y   m o v a b l e   i n  



t h e   c o r r e s p o n d i n g   a x i a l   g r o o v e s   f o r m e d   in  t h e   c y l i n d r i c a l  

p o r t i o n   of  s a i d   hub  m e m b e r ,   a n d  

w h e r e i n   s a i d   t h r u s t   m e a n s   c o m p r i s e s   a  r a d i a l l y  

c o n t r a c t i b l e   a n n u l a r   r e s i l i e n t   member   s u p p o r t e d   in  p l a c e  

by  e n g a g e m e n t   w i t h   c i r c u m f e r e n t i a l l y   s p a c e d   i n n e r   w a l l s  

of  t h e   c y l i n d r i c a l   p o r t i o n   of  s a i d   hub  m e m b e r ,   s a i d  

r e s i l i e n t   m e m b e r  h a v i n g   an  i n t e r m e d i a t e   r i n g   p o r t i o n  

i n t e g r a l l y   f o r m e d   w i t h   a  p l u r a l i t y   of  c i r c u m f e r e n t i a l l y  

s p a c e d   a x i a l   l e g s   e x t e n d i n g   t h e r e f r o m   t o w a r d   t h e  

r e s p e c t i v e   i n t e r n a l   r a d i a l   p r o j e c t i o n s   of  s a i d   c l u t c h  

s l e e v e ,   s a i d   a x i a l   l e g s   e a c h   b e i n g   a r r a n g e d   w i t h i n   t h e  

r e s p e c t i v e   a x i a l   g r o o v e s   in  t h e   c y l i n d r i c a l   p o r t i o n   o f  

s a i d   hub  member   and  h a v i n g  a   r a d i a l   p r o j e c t i o n   a r r a n g e d  

to   be  b r o u g h t   i n t o   e n g a g e m e n t   w i t h   e a c h   of  t h e   i n t e r n a l  

r a d i a l   p r o j e c t i o n s  o f  s a i d   c l u t c h   s l e e v e   in   s h i f t i n g  

o p e r a t i o n   of  s a i d   c l u t c h   s l e e v e  t o w a r d   s a i d   g e a r   m e m b e r  

and  a r r a n g e d   t o  a b u t  a g a i n s t   s a i d   s y n c h r o n i z e r   r i n g   a n d  

t h r u s t   t h e   same  t o w a r d   s a i d   s p l i n e   p i e c e ,   s a i d   a n n u l a r  

r e s i l i e n t   member   h a v i n g   a  p a i r   of  end  p o r t i o n s  

r e s i l i e n t l y   e n g a g e d   w i t h   one  of  t h e   c i r c u m f e r e n t i a l l y  

s p a c e d   i n n e r   w a l l s   of  t h e   c y l i n d r i c a l   p o r t i o n   of  s a i d   h u b  

member   to   r e t a i n   s a i d   a x i a l   l e g s   in   p l a c e   w i t h i n   t h e  

r e s p e c t i v e   a x i a l   g r o o v e s   in  t h e   c y l i n d r i c a l   p o r t i o n   o f  

s a i d   hub  m e m b e r .  

2.  A  g e a r   s y n c h r o n i z e r   m e c h a n i s m   as   c l a i m e d   i n  

C l a i m   1,  w h e r e i n   s a i d   a n n u l a r   r e s i l i e n t   member   i s   i n  



t h e   f o r m   of   a  C - l e t t e r   s h a p e d   s p r i n g   h a v i n g   a n  

i n t e r m e d i a t e   r i n g   p o r t i o n   r e s i l i e n t l y   e n g a g e d   w i t h   t h e  

c i r c u m f e r e n t i a l l y   s p a c e d   i n n e r   w a l l s   of  t h e   c y l i n d r i c a l  

p o r t i o n   of   s a i d   hub  m e m b e r   and  a  p a i r   of  end  p o r t i o n s  

r e s i l i e n t l y   e n g a g e d   w i t h   one   of   t h e   i n n e r   w a l l s   of   t h e  

c y l i n d r i c a l   p o r t i o n   of   s a i d   hub  m e m b e r ,   s a i d   i n t e r m e d i a t e  

p o r t i o n   of   s a i d   s p r i n g   b e i n g   i n t e g r a l l y   f o r m e d   w i t h   a  

p l u r a l i t y   of  c i r c u m f e r e n t i a l l y   s p a c e d   a x i a l   l e g s  

e x t e n d i n g   t h e r e f r o m   t o w a r d   t h e   r e s p e c t i v e   i n t e r n a l   r a d i a l  

p r o j e c t i o n s   of   s a i d   c l u t c h   s l e e v e ,   s a i d   a x i a l   l e g s   e a c h  

b e i n g   a r r a n g e d   w i t h i n   t h e   r e s p e c t i v e   a x i a l   g r o o v e s   in   t h e  

c y l i n d r i c a l   p o r t i o n   of   s a i d   hub  member   and   h a v i n g   a  

r a d i a l   p r o j e c t i o n   a r r a n g e d   to   be  b r o u g h t   i n t o   e n g a g e m e n t  

w i t h   e a c h   of   t h e   i n t e r n a l   r a d i a l   p r o j e c t i o n s   of  s a i d  

c l u t c h   s l e e v e   in   s h i f t i n g   o p e r a t i o n   of  s a i d   c l u t c h   s l e e v e  

t o w a r d   s a i d   g e a r   m e m b e r   and   a r r a n g e d   to   a b u t   a g a i n s t   s a i d  

s y n c h r o n i z e r   r i n g   and   t h r u s t   t h e   same  t o w a r d   s a i d   s p l i n e  

p i e c e .  

3.  A  g e a r   s y n c h r o n i z e r   m e c h a n i s m   as  c l a i m e d   i n  

C l a i m   1,  w h e r e i n   t h e   i n t e r n a l   r a d i a l   p r o j e c t i o n s   of  s a i d  

c l u t c h   s l e e v e   e a c h  a r e   f o r m e d   a t   t h e i r   i n n e r   e n d s   w i t h   a  

t a p e r e d   s u r f a c e   e n g a g e a b l e   w i t h   e a c h   i n n e r   s h o u l d e r   o f  

s a i d   a x i a l   l e g s   of  s a i d   a n n u l a r   r e s i l i e n t   m e m b e r .  
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